Abstract
Introduction
Histamine is a product of normal food-spoiling bacteria, and in high enough quantities can cause food poisoning. Histamine production is higher in fish species with a high proportion of red muscle (Kimata and Kawai, 1953) . Fish from the family Scombridae (which includes tuna) are particularly susceptible, and the ensuing disease is known as scombroid poisoning.
International seafood trade is rapidly becoming regulated by the need for exporting countries to assure the quality of their product. Histamine poisoning is not usually a problem in tuna eaten in a very fresh state, such as sashimi-grade tuna, although Ahmed (1991) reports that in the US, the highest risk is probably imported fresh and frozen fish caught in tropical waters.
Histamine production
Levels of histamine in meat are generally between 10 -50 ppm (Halasz et. al., 1994) . Levels of histamine greater than 50 ppm indicate decomposition, although levels of 200 -500 ppm may occur before fish appear spoiled or are organoleptically unsuitable. Values of 100 -500 ppm can be toxic and in consideration of public safety the US Food and Drug Administration has a hazard action level for histamine in tuna of 50 ppm (USFDA, 1998) .
The varied reservoir of bacteria contained in the fish and/or present in the environment is a major cause of spoilage (Shewan, 1961) . Certain bacteria, especially Proteus morganii, produce the enzyme histidine decarboxylase during growth. This enzyme reacts with free histidine, a naturally occurring chemical present in large quantities in some fish. The result is the formation of histamine (USFDA, 1998) . The bulk of histamine production occurs at temperatures of 20 -30 0 C. The optimum pH range for P. morganii Types I and II is 6 -7; however, with respect to histamine formation, there are some distinct differences. Type I produces more histamine at pH 6 and barely no histamine at pH 7, whereas Type II produces more histamine at pH 6 but can also produce histamine at lower or higher pH (Kimata and Kawai, 1953) .
Histamine may be produced by autolysis, although only in minor amounts (Kimata and Kawai, 1953) . For autolytic production the optimum pH range is 3.5 -4.5 and the optimum temperature range is 40 -45 0 C. The production of histamine by autolysis is also greater in red muscle than in white muscle (Kimata and Kawai, 1953) .
Fish species
The amount of histamine production varies with fish species and is especially prevalent in fish belonging to the family Scombridae, including tuna, mackerel and sardines. These kinds of fish contain large amounts of free histidine in their muscle tissue. Fletcher (pers. comm. 1999) determined which species are histamine hazards according to their levels of free histidine. White-fleshed fish never cause scombroid poisoning. The high risk group contains 3 species; i.e. tuna (albacore), kingfish and kahawai. An intermediate group includes 8 other dark fleshed species that could be hazardous if poorly handled. Other types of fish also commonly implicated in histamine poisoning are bonito, mahimahi, yellowtail, herring, mackerel and bluefish (Cole, 1998 ).
Sample location
Histamine levels are generally not uniformly distributed throughout a fish exhibiting decomposition. Lerke et. al., (1978) found that histamine levels in tuna vary over short distances in the same cut of fish. It is reported that a single fish may have specific areas with levels of 50 ppm but other areas with 500 ppm. Hilmer et. al. (1981) found considerable variability of histamine levels from five different sampling locations in decomposing skipjack tuna incubated at temperatures of 15.6 -35 0 C for 24 hours. Although the USFDA's "Fish and Fishery Products Hazards and Controls Guide" (2nd Edition, January 1998) supports this claim, no specific reference is listed to substantiate the claim and no related references have been found elsewhere. It is therefore important to evaluate multiple sections of the same fish to ensure the absence of histamine levels of 500 ppm or more.
Haejung (pers. com., 1998) has suggested that it is common to see the highest accumulation of histamine at the nape area, and that the concentration tapers off towards the tail. This phenomenon has also been documented by Baranowski, et. al. (1990) with mahimahi; the histamine level in anterior areas was 373 ppm while posterior levels were negligible. The authors also noted a progressive drop in histamine concentration between the nape and the tail sections.
Prevention
It is difficult to halt histamine production by chemical means, and it is better to employ temperature control to prevent growth of the micro-organisms before histamine production commences. Most bacteria are not capable of growth at temperatures <4 0 C, and thus proper cooling of seafood during transportation is important. Chilled product should be loaded at internal flesh temperatures <4 0 C and frozen product at or below -18 0 C (Ahmed, 1991) . At 0 0 C all histamine production stops. Above 4.4 0 C significant reduction in the shelf-life of fish occurs and for this reason the USFDA (1998) recommends that tuna should not be exposed to temperatures >4.4 0 C for more than 4 hours. My interest in this paper is the rate of development (related to temperature) in different species and the validation of the USFDA cumulative rates of production of 4 hours above 4 0 C for tuna (James, pers. comm., 1998). Ahmed (1991) pointed out that good data are not always readily available to justify currently used endpoints or to permit appropriate detection of the hazard. Research is therefore needed to determine the appropriateness and effectiveness of current quality control criteria. Scombroid poisoning occurs widely, but since it is a rather mild illness it is usually incompletely recorded in most countries. Quantitative risk assessment cannot be accurately estimated because of the lack of a good doseresponse relationship, inconsistencies of data reporting and a lack of consumption survey data (Ahmed, 1991) .
Test method
Chemical testing is an effective means of detecting the presence of histamine in fish flesh. However, the validity of such testing is dependent upon the design of the sampling plan. For this reason, chemical tests are widely used in unison with organoleptic methods. These are effective because histamine production is linked to spoilage which has identifiable stages, i.e. softening of the flesh, slime on the skin, eye lens cloudiness and discoloration of the gills. Kawabata et al. (1956) report that histamine may appear in spoiling fish. The amount of histamine increases as spoilage increases and although there is a close correlation between bacterial counts and histamine formation, there is no direct relationship between the amount of histamine and the degree of spoilage (Kawabata et al., 1956 , Kimata, 1971 .
Analysis of histamine can be carried out with varying levels of accuracy. Factors that influence the choice of method include the need for the accuracy, time availability, the technical skill involved, and the expense and availability of reagents or equipment used (Lerke et al., 1978) . In this paper I compare histamine levels from two body sites and two different species of tuna. Also, histamine levels for the two species of tuna were monitored for different storage temperatures to find out if the USFDA food safety guidelines are applicable to the Fijian tuna industry. Finally, the Veratox Elisa Test for histamine is compared with an AOAC method to determine its suitability as a food safety monitoring method.
Materials and Methods

Species and sample location
100g samples for histamine analysis were taken from the anterior dorsal section of the tuna at locations t on top of the head and b from just behind the gill as shown in Figure 1 . Skin was removed after which the sample was homogenised and blended in a Waring Commercial Blender Model 35BL40 (8011P). The homogenate was analysed immediately using the Veratox ELISA Extraction Kit (Neogen, USA) following the manufacturers instructions.
Temperature control experiment
Fresh albacore (Thunnus alalunga) and bigeye (Thunnus obesus) tuna samples from site b were placed in a chill room that had been set at the required temperature. Chill room temperatures were monitored every 30 minutes using data loggers. Samples were removed from the chiller at fixed time intervals and analysed as above for histamine content.
Comparison of testing methods
Fresh samples of albacore, bigeye, yellowfin (T. albacares), skipjack (Katsuwonus pelamis) from Fiji long liners and dry samples (tuna jerky) from Kiribati were analysed using the Veratox method, and a fluorometric method adapted from the AOAC Official Method 997.13, as previously described in Chamberlain (1998) . Wet samples were homogenised for 1 minute using a Waring General Commercial Blender Model 35BL40 (80110). Dry samples (jerky) were homogenised using a Dry Mill National Super Blender Model MX-T130GH. Veratox analysis was performed immediately after homogenising. Homogenates for analysis by the fluorometric method were frozen at -40 0 C in a press seal polyethylene bag. Burns (1985) has stated that histidine decarboxylase is deactivated at temperatures less than -8 0 C, and therefore storage at -40 0 C was assumed to be satisfactory. Frozen samples were partially thawed under running water for 15 minutes at a medium rate of flow of water before analyses were performed.
Results
Species and Sample Location
The results in Table 1 show that there is no significant difference in histamine levels in samples taken from yellowfin and albacore tuna's (t=0.33, p>0.05). In addition, there is no significant difference in histamine levels in samples taken from the top of the head and samples taken from behind the neck (t=0.94, p>0.05). 
Temperature control experiment
Chill room temperature recordings indicated that after one hour the temperature is consistent inside the chill room with negligible variation (data logger 1: n=7, χ=4.34, σ=0.40; data logger 2: n=7, χ=4.28, σ=0.14).
The results for the histamine concentration in albacore tuna over time at various temperatures are shown in Figure  2 . The results show a steady increase in histamine concentration over time in both species of tuna. The increase in histamine build-up is greater at higher temperatures. There is no significant differences in histamine build-up in bigeye and albacore tuna at any temperature tested, 2 0 C (t=0.36, p>0.05), 4 0 C (t=0.56, p>0.05), 6 0 C (t=0.03, p>0.05), 27 0 C (t=0.35, p>0.05). Table 2 shows the means of duplicate tests. 
Comparison of testing method
Discussion
There are no significant differences in histamine levels between yellowfin and albacore tuna, similar trends between bigeye and albacore tuna, and no significant difference in histamine levels between sampling locations. It should be noted however that the number of samples was small. Suppliers are not conducive to quality control officers (or scientists) cutting large pieces of flesh from their fish as this reduces the market value. Often tuna is head cut and this exposes flesh that can be trimmed away without unnecessary mutilation of the fish. For this reason samples are commonly taken from the nape of the neck, and many processors believe that this is where histamine levels are highest. A better location is the top of the head (often discarded or sold cheaply on the local market). The results here indicate that taking samples from the top of the head would be an acceptable sampling practice. One of the main objectives of this paper was to determine the validity of the USFDA requirement that tuna should not be exposed to temperatures >4.4 0 C for more than 4 hours (for acceptable control of histamine level). Figures 2 and 3 reveal that even at 6 0 C the albacore and bigeye samples did not reach histamine levels higher than 50 ppm (the USFDA critical limit) after more than 24 hours. This clearly indicates that the USFDA critical limit is an acceptable one for long line tuna fisheries in Fiji.
It should be remembered, however, that the results were obtained in a controlled laboratory environment. In the fishing boat a range other factors can facilitate histamine production. The sanitation standards on tuna boats and bacteria associated with human contamination may affect histamine production. Hygiene control is therefore a critical component in controlling levels of histamine. Other related factors that deserve investigation include gear set size and chilling methods and practice.
The results from Table 2 show that the Veratox Kit results closely followed the trends found by the fluorometric method. While this is encouraging, because antibody based kit methods are often simpler and cheaper than fluorometric methods, the Veratox results were consistently lower than those tested with the fluorometric methods. It should be noted, however, that the study does not constitute a direct comparison, as the analyses were performed at different times, with different standards, and the samples used for fluorometric analysis had been stored at -40 0 C for over 1 month. While -40 0 C storage should be low enough to deactivate histidine decarboxylase, pre-and post-freezing handling, and an automatic defrost cycle on the freezer, could easily account for small variations.
Of greater concern is the much larger variations seen in some of the samples (e.g. Bigeye 4, Yellowfin 1-3). This suggests that the Veratox method may greatly underestimate histamine levels, and therefore this method may not be appropriate for food safety programs. A carefully controlled comparative study of the two methods is required before the Veratox method can be validated.
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